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The Origin of Matter & Energy
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What is the origin of baryonic matter ?

Cosmic Energy Budget

Dark Matter
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What complementary information is needed
from collider studies, precision electroweak
measurements, and dark matter searches ?



EDM Probes of New CP Violation
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If new EWK CP violation is responsible for abundance
of matter, will these experiments see an EDM?




EW Baryogenesis: Standard Model

Weak Scale Baryogenesis
* Bviolation —— |
e C & CP violation

* Nonequilibrium
dynamics

Sakharov, 1967
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EW Baryogenesis: Standard Model
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Baryogenesis: New Electroweak Physics

Weak Scale Baryogenesis

B violation Topological transitions
* C & CP violation

- Broken phase/
* Nonequilibrium

1st order phase transition
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Theoretical Issues:

Transport at phase boundary (non-eq QFT)
Bubble dynamics (numerical)
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Unbroken phase

Strength of phase transition (beyond MSSM)
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New Developments

Quantum Transport Dynamics:

Application of non-equilibrium QFT
techniques: systematic analysis,
detailed parameter dependence,
theoretical uncertainties

Riotto, Carena et al, Lee et al, Konstandin et al

Coupling with Dark Matter

Carena et al, Profumo et al, Konstandin et al...
Electroweak Symmetry Breaking

Extended Higgs sector models

Barger et al, Carena et al, Konstandin et al...



Systematic Baryogenesis
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Systematic Baryogenesis
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Systematic Baryogenesis

Departure from equilibrium

* Non-adiabatic evolution of states G G
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Generalized Green’s Functions: Closed Time Path

 Non-thermal distributions
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Quantum Transport Equations
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Phenomenology: MSSM (lllustrative)



Baryon Number
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Resonant CPV & Relaxation
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Resonant CPV & Relaxatinn
MSSM EWB:
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Baryon Number & 7,
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EDM constraints & SUSY CPV

One-loop vs. Two-loop EDMs
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EDM constraints & SUSY CPV

DM Considerations

Neutralino-driven Baryogenesis
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Dark Matter Considerations

Chargino Mass Matrix
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Dark Matter: Relic Abundance
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u [GeV]

Dark Matter: Future Experiments
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Yy, EDMs, Dark Matter & Colliders
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Extending the Higgs Sector

K
W = (u+AS)H,H;+ oS + §S3
i [soft

Implications
« Strong 1st order EWPT w/o light stop
* New sources of CPV & relaxation
e Light singlet Higgs
 Singlino CDM....



Conclusions

* Explaining the origin of matter remains an important
task at the interface of particle physics, nuclear
(hadronic) physics, and cosmology

» CP-violation beyond that of the SM is needed to provide
such an explanation

* Recent theoretical developments in baryogenesis are
putting baryon asymmetry computations on firmer
ground

 New EDM and dark matter searches -- together with
precision electroweak and collider studies
(especially the ILC) -- will provide
complementary and essential tests of matter
production at the electroweak scale



